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e Currently under construction.

e A broad set of topics to being pinned down at DUNE, it will be able to constrain the
three-massive-neutrinos paradigm by providing complementary measurements to those from
the v_- appearance and v, - disappearance channels.

17 kton module
(10 kton active volume)
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NuTau at DUNE - What we can learn from v ?

DUNE is the only upcoming neutrino experiment expected to be able to collect a larger sample

of oscillated v_ events from a beam than all existing experiments.

v_data can help to understand non trivial || Why cross sections are important?
questions, summarized in the Snowmass

Whitepaper arXiv:2203.05591 ° Net ' (cross section) —
major contributor of systematic

uncertainties in oscillation measurements

Current generation of neutrino experiments (T2k, NOVA).
provides nearly complete description of three
flavor paradigm, but: e E &v-nucleus interactions relies on
either based on
(T2K/HK) or

(DUNE/NOVA/SBN) and both

requires reliable predictions from
— Lepton universality for cross sections

— PMNS unitarity for oscillations e Extraction of oscillation parameter
is biased by the interaction model.

P(v, — vp) = sin*20, sin®
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https://arxiv.org/abs/2203.05591

Tau Neutrino Interactions: due to the large mass of the 1+ relative to the e + and p #, the
threshold for this process to occur is 3.5 GeV.
P(E|ES™)

More likely |Decay mode|Branching ratiol

Dominant decay modes of 1-
Leptonic 35.2% Kaonic decays and others go
e Uelr 17.8% into the “other” category.
[T 17.4%
Hadronic 64.8%
T T, 25.5%
T Ur 10.8%
n~ 7%, 9.3%
v, 9.0% cha"enge: 1%
Less likely mn wtr'y, 4.5% and the back
other 5.7% from NC.

true threshold
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.016004
https://arxiv.org/pdf/2007.00015.pdf
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— A structure function (SF) characterize the internal structure of the nucleon

— The contributions of the SF to the cross-section are functions of charged lepton mass.

— In the limit m’ — O only F, F,and F, contribute, m? /(M E ).
— Given the higher mass value of the 7 lepton, F, and F, pointed out by Albright-Jarlskog (A))
relations occur only in heavy lepton (1) scatterlng, NucI Phys. B 84,467 (1975) and are negligible for v,
and v_, but become important for v_ cross-section.
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https://www.sciencedirect.com/science/article/abs/pii/0550321375903181
https://arxiv.org/abs/1007.1966

AlooktoF a and F5 Structure Functions w.x. Reno - PhysRevD.74.033001

arXiv:1007.1966v1

Structure functions

Q=2 GeV®
dashed: MN:O

The Callan-Gross relations:

g =Neo
dashed: My=0
. - 2xF. =F
The LO curve with M =0 < F 1 F2
= 'x =
shows that F, =0 Lo AtLO, Albright-Jarskog relatio 3 2
is violated, 2xF_ - F, #0, this is . ..
due to charm quark mass At LO, in the limit of
corrections massless quarks & target
hadrons, Albright-Jariskog
NLO corrections have an effec pointed:
primarily at small-x
2xF, -F, =0

F, = 0, also holds when
the nucleon target is
Fiy(x) = Wiy(v, 0%) _ < 2 0 replaced by a lepton

0? xM target.

Fon(x) = 5= Way (v, 0%)

AtNLO, F, ~ 1% of F, A] relations are good approximations to the NLO result, arXiv:hep-ph/0605295.

e Both of the figures show that in evaluations of the total charged current cross section, the naive A)
relations are good approximations to the NLO results. This is true at low energies, where v_
cross-section does not probe small-x and at high energies where F , F_ are suppressed, anyway.

6
Barbara Yaeggy - University of Cincinnati


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.033001
https://arxiv.org/abs/1007.1966v1

Truth Level Studies: Nature of F_and Hypothesis of F, = 0, F_ = O for

higher values of x.

GENIE 3.0.6 truth Information
Using DUNE far detector geometry
(Argon 40)

Tau optimized flux

CP optimized (3 horns configuration)

Low energy
Default starting configuration

Tau-optimized (2 horns configuration) -
future upgrade, under investigation

High energy spectrum

Possible configuration after CP
program has completed
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DUNE Neutrino Flux
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— Optimized v, flux

=¥, flux

Expected counts/year:

~30 V_ in CP-optimized neutrino mode
~130v_ in CP-optimized neutrino mode
~ 800 v_ in Tau-optimized neutrino mode




Notice the difference between the cross-sections in the F, = 0, F, = 0 hypothesis and the
standard model prediction

GENIE 3.0.6 CC-NuTau Cross Section GENIE 3.0.6 CC- Anti NuTau Cross-Section

prediction
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Nature of F_ (x, Q%)

® ThisisF, in terms of x
and Q?, its effect is in all
[ x,Q% ] phase space.

e AtlowerX, F. values
are high.

e BelowQ’=1,
non-perturbative

e Above Q°=1,
perturbative

d%o*) G32ME, . m2y m?2 Mz
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Nature of F_ (x, Q°)
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This is F, in terms of x and Q?, its effect is in
all [ x,Q? ] phase space.

%(10'” cm?/
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Nuclear models rely — approximations,
which are valid in specific kinematics and
for specific process.
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For F, is sensitive in values for x and Q?
that wrap different interactions models.

Number of Events

°Q
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What about the effect of F_ in F, covers all the phase space (Q? x)
the total number of events?

The ratio is greater than 1:

® Which is expected since F, is a
subtracted component of the
total XSec.

Also, it means that there is a
chance to disentangle an overall
normalization change from a
scaling of F,

Ratio of F5 Disable / F5 Enable

SM Prediction

N w F~Y [3,] [} ~ -] [{-]
Number of Events

9
8
7
6
5
4
3
2
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So Far

The new features which appear in the case of the v _-A interaction as compared to the v,
and v, interactions and contribute to modify the cross sections are:

Kinematical changes in Q% and E, due to the presence of m_

The contributions due to the additional nucleon structure functions F, (x,Q2%) and
F. (x,Q%) in the presence of m_#0.

As a function of Q°, there is an enhancement doesn’t come just from a normalization
but due the changes on the shape the presence of m_

Get a reliable kinematic reconstruction it’s a must!
We are checking on machine learning techniques...

Barbara Yaeggy - University of Cincinnati 12



Panoptic Segmentation: Semantic + Instance Segmentation

by Carlos Sarasty sarastce@mail.uc.edu “Panoptic Segmentation for Particle ID in ProtoDUNE”

e Semantic segmentation

e Instance segmentation

Panoptic segmentation = semantic + instance segmentation

Network Architecture

* 2 independent UResNet for
semantic and instance
segmentation

The instance segmentation
prediction is obtained by
finding the object medoids
and regressing every voxel
to their corresponding
medoid

The predicted semantic
segmentation and class
agnostic instance
segmentation are combined
to generate the final
panoptic segmentation result

(c) instance segmentation (d) panoptic segmentation
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https://arxiv.org/abs/1801.00868

Results/Metrics: Semantic Segmentation

ProtoDUNE sarastce@mail.uc.edu

The network is capable to identify shower like and track like separation with high
accuracy

e The confusion matrix shows the overlap between classes

ProtoDUNE Simulation
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Event Display: two showers from neutral pion decay

True labels

Reco labels
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Outlook

will provide a to study the connections among
neutrinos.

e Tau neutrinos will help us understand whether or not the PMNS matrix is unitary.

e Improve our nuclear models:

There are models in which they single out the tau neutrino to satisfy other
constraints, and in other cases, the model does not depend on the flavor of the
neutrino, but tau neutrinos may be the only means of probing the model.

e Tau neutrinos play a central role in testing the lepton flavor universality
violating hints uncovered in flavor physics experiments.

16
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ANSARI, ATHAR, HAIDER, SINGH, and ZAIDI PHYS. REV. D 102, 113007 (2020)
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FIG. 3. Results for the free nucleon structure functions F;y(x, @%); (i = 1-5) (top to bottom) at the different values of Q? viz. 2, 5 and
20 GeV? (left to right) are shown. These results are obtained at NLO by using MMHT nucleon PDF parametrization [32]. The results are
shown without the TMC effect (double dash-dotted line), with the TMC effect in the three-flavor (nf3) scheme (dash-dotted line) as well
as four-flavor (nf4) scheme (dotted line), with TMC and HT effects in the three-flavor (nf3) scheme (dashed line) as well as four-flavor
(nf4) scheme (solid line).
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A key element in the study of tau neutrino physics is the decay modes of the tau lepton

= === |nvisible or Short-lived
- Track-like

——  Shower-like

Leptonic

Vr T

Hadronic T

Background
Leptonic 1

Background
Hadronic r

Vo Ve, Vy,
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Tau decay length ~ 87 pm
4Ar nuclear radius, ~ 3.4 fm

Tau lifetime (2.903+0.005)
x10 B3 s
Mass: 1.7 GeV/c?

DUNE granularity is
limited by wire spacing of a
few millimeters

Observation of
Tau tracks is
unlikely

Background for t_signal
mainly comes from CC—vﬂ
being v, flux very large.

Tau decay products
aren’t subject to the
4OAr nuclear potential

Tau doesn’t lead to
observables displaced
vertices

IDecay mode|Branching ratio

Leptonic 35.2%

e Uelr 17.8%
T 7 17.4%

Hadronic 64.8%

7 70, 25.5%

T Vs 10.8%

7 7m0, 9.3%
Y 9.0%
w7, 4.5%

other 5.7%

Background for ¢,
signal are CC-v,_
events, being v, flux a
small fraction of the
total neutrino flux.

.PMachado, JTurner. H.r Schulz



https://arxiv.org/pdf/2007.00015.pdf

Why Structure functions are written in terms of the
scaling variable x and Q?, rather than the energy transfer
Ev and Q%?

Because for fixed x values of F...F_. become ~ independent
of Q%,or F,...,.(x, Q°)=F ...,.(x) is a good approximation for a

large Q“.

1°°*%5

This behavior is called , or scale invariance:
the structure functions are left unchanged by a scale
transformation.

v (CC) interactions give access to cross
section physics not accessible otherwise!

Barbara Yaeggy - University of Cincinnati
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Inelastic Scattering: since the lepton and hadronic My, |k/|

L, WY

system do not interact after scattering, can factorize the 2zE, M%V a Qz |k| 27
cross-section into leptonic & hadronic

tensors

— 8(k,k, + k K, — kK g, & i€,,,k k)

pwpa

Summing over spins, and assuming parity conservation, we
can write the most generic form of the hadronic tensor:

U q#qy v 2
Wy =—75—9")Wia(va, Q%) +

eﬂypo.pAp 4ds W3A (VA ’ Q2)

Woa(vy, 02 Pa-q Pa-q
248 )(pﬁ——;‘z q" pi——;‘z ¢ )+

q M3 2MZ
Wia(va, Q%) , ,  Wsa(va, Q%) )
== 4A§ug )qﬂq <4 ASMI; (Pﬁ‘f"’qﬂPA)'*'Mz (PA‘I —Q”PA)WsA(VA,Qz)
A A

— A Structure function characterize the
internal structure of the nucleon

— The contributions of the structure
functions to the cross-section are functions
of charged lepton mass.

F andF

— Inthe limit m’ — Oonly F , F,

contribute, m° /(M E ).

— Structure functions F, and F_ are
negligible for Yy andv_, but become
important for v
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Structure Functions
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For quasielastic scattering, e.g., v_— Tp, the structure functions are proportional to the delta
function 8(W? - M?) where W2 is the invariant mass of the hadronic final state. These multiply the

nucleon form factors < Avoid double counting we impose W . = 1.4 GeV. Phys. Rept. 3, 261 (1972)
Phys. Lett. B 564,42 (2003)
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https://www.osti.gov/biblio/4683658
https://arxiv.org/abs/astro-ph/0302055

A IOOk to the CC ’VT and Vu Cross SECtiOn PhysRevD.74.033001  arXiv:1007.1966v1

Reasons for the deficit in the v, CC cross-section:

1) The reduce phase space: integration limits
(x,y), half of the suppression of v_relative to
the v, it is from a dynamic origin.

upper curves: no cuts

F5 min us Si gn lower curves: W2>(1.4GeV)2 5 Q2>1GeV2

and no factor of x:
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.033001
https://arxiv.org/abs/1007.1966v1

A |00k to the CC Vt and vﬂ Cross SECtiOI‘I M. H. Reno - PhysRevD.74.033001

Reasons for the deficit in the v ’ CC cross-section:

1) The reduce phase space: integration limits (x,y) «—
dynamic origin, half of the suppression of v_relative

to the v
u - SV, N)/o(v, N)

2) F,minu sign & no factor of x: 5

X/

SV, NG (v, N)

Since 7y (3 q(x, Q?) there is a small-x enhancement of NPT BT BT
its contribution to the cross section at high energies. 10° 10° E, [GeV]

—_

T T

(b) E =50 GeV

Vu' at these energies, the XSec is valence
dominated, so do/dy ~ q(x,0?)

For tau neutrino
scattering, the
limits in Q*and y
cut off the highy
distribution.

valence .
domination in" ~ g
the SF yields —
schematically T
do/dy - (1-
2q(x, Q).

. 0.0 ¥)2q(x, 9°)

’ 0.0 0.2
arXiv:1007.1966v1
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.033001
https://arxiv.org/abs/1007.1966v1

Don't Forget Nucleus! - Study Nuclear Effects

Initial State Nuclear Effect

e Short, medium, and long range nucleon-
nucleon correlations on the initial condition,
e.g. “2p2nh” effect , “RPA” effect

Signal ¢ Background Migration

Barbara Yaeggy - UTFSM (Chile)

Final State Nuclear Effect

Charge Exchange Y

Elastic
Scattering

Pion Production

¢ Particles created have to work their
way out of the nucleus, e.g.
absorption




CC - v_TRUTH Level studies show that indeed, when DIS cuts are applied and F, =0 we can
extract new information from the lepton cross section.

F4 = 0, F5 =0
GENIE 3.0.6 NuTau

SM Prediction
GENIE 3.0.6 NuTau

do/dWdQ? [10° cm?GeV?]

Barbara Yaeggy - University of Cincinnati

do/dWdQ? [10° cm?GeV?]
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CC - v_TRUTH Level studies show that indeed, when DIS cuts are applied and F, =0 we can
extract new information from the lepton cross section.

SM Prediction
GENIE 3.0.6 NuTau GENIE 3.0.6 NuTau
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by Carlos Sarasty

e Purity: Is the fraction of reconstructed medoids that are no more than 7 cm from the
true medoid. ~ 81.3%

e Efficiency: Is the fraction of true particles with at least one reconstructed particle
~84.2%

Results/Metrics: Panoptic Segmentation

ProtoDUNE sarastce@mail.uc.edu

e Purity: Is the fraction of voxels in the reconstructed particles shared with the true
particle. ~ 60.1%

e Completeness: Is the fraction of true voxels that are shared with the reconstructed
particle. ~ 70.2%
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